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Borate crystal series exhibit excellent 
capability on frequency doubling 
characteristics, and are therefore widely used 
non-linear optical materials. We wish to 
conduct a through and complete investigation 
on it's non-linear optical properties and 
mechanism.
We will use first principle planewave 
pseudopotential method (CASTEP) to 
perform the electronic and band structure 
calculations, effort will also be spend on 
implementing code to compute (non-linear) 
higher-order susceptibility. Within the 
approximation level of LCAO, we may 
switch on or off some specific atomic orbitals 
on total wavefunctions from which the 
optical properties of the system is calculated. 
Thus one can establish the connection 
between local components of the material 
and the macroscopic physical quantity.
This project successfully established particle 
strategy and achieved conclusive results on 
the issues originally planed. Part of them is 
already published in an international journal. 
The project for the second and the third year 
is to expand the scope and depth of the study 
based on the previous methods and results. 
The main effort of this second year will be 
focused on the enhancement of predictability 
in our computational theory and method, 
such as implementing band-gap correction 
and LDA+U. We have finished the GDFT 
gap correction scheme as planned, However, 
the LDA+U part of the project was not 
finished during the period due to the student 
been a first year beginner as well as too easy 
supervision from the PI. The subproject is 
currently progress well and will finished 
before the end of the whole 3 year project.
We hope the results of this study will provide 
insight into the fundamental behavior of 
non-linear optical material, and the 
knowledge acquired from such study will 
also benefit the molecular design of 
non-linear optical materials.


























































































































(1) Z.S. Lin, Z.Z. Wang, C.T. Chen and M-H. Lee , 
Mechanism for linear and nonlinear optical effects in 
monoclinic bismuth borate (BiB3O6) crystal, Journal 
of Applied Physics,Vol.90 No.11 pp.5585 (2001.12) 
(SCI)
(2) Huang J-Y, Tang L-C, Lee M-H, Ab initio study of 
the structural and optical properties of orthorhombic 
ternary nitride crystals , J PHYS-CONDENS MAT 13 
(46): 10417-10431, (2001.11) (SCI)
(3) Z.S. Lin, Z.Z. Wang, C.T. Chen and M-H. Lee , 
Calculations for the linear and nonlinear optical 










1. Jiao Lin, Ming-Hsien Lee, Zhi-ping Liu, Chuangtian 
Chen, and Chris J. Pickard, Mechanism for linear and 
nonlinear optical effects in bata-BaB2O4 crystals,
Phys. Rev. B 60, 13380 (1999) 
2. Chun-gang Duan, Jun Li, Zong-quan Gu, and 
Ding-sheng Wang, First-principles calculation of the 
second-harmonic-generation coefficients of borate 
crystals, Phys. Rev. B 60, 9435 (1999) 
3. M. Blanchard-Desce, and M. Barzoukas, Two-form 
two-state analysis of polarizabilities of push-pull 
molecules, J. Opt. Soc. am. B 15, 302 (1998) 
4. Barbara Paci, Claudia Schmidt, Celine Fiorini, and 
Jean-Michel Nunzi, Cecile Arbez-Gindre and 
Constantinos G. Screttas, Nonlinear optical properties 
of push-pull stilbenes based on a strong carbocation 
acceptor moiety, J. of Chem. Phys. 11, 7486 (1999) 
5. Linear and nonlinear optical behaviors of 
Langmuir-Blodgett multilayers of push-pull tolan 
dericatives,
J. Opt. Soc. Am. B 15, 458 (1998) 
6. M. Del Zoppo, C. Castiglioni, V. Gerola, P. Zuliani, 
and G. Zerbi, Effect of bond length alternation and of 
bond length alternation oscillations on the molecular 
nonlinear optical response of push-pull polyenes,
J. Opt. Soc. Am. B 15, 308 (1998) 
7. Minhaeng Cho, Hyun-Soo Kim , and Seung-Joon 
Jeon, An elementary description of nonlinear optical 
properties of octupolar molecules: Four-state model 
for guanidinium-type molecules, J. of Chem. Phys. 
108, 7114 (1998)
8. M. Yoshimura, H. Furuya, T. Kobayashi, K. Murase, 
Y. Mori, and T. Sasaki, Noncritically phase-matched 
frequency conversion in GdxY1-xCa4O(BO3)3 crystal,
Optics letters 24, 193 (1999) 
9. Makoto Iwal, Taisuke Kobayashi, Hiroyuki Furuya, 
Yusuke Mori, and Takatomo Sasaki, Crystal Growth 
and Optical Characterization of Rare-Earth(Re) 
Calcium Oxyborate ReCa4O(BO3(3 (Re=Y or Gd) as 
New Nonlinear Optical Material, Jpn. J. Appl. Phys. 
36, L276 (1997) 
10.  L. Frische and Y. M. Gu, Band gaps in 
generalized density-functional theory, Phys. Rev. B 
48,4250 (1993) 
11.  L. Fritsche, Excitations in a generalized density 
functional theory, Physica B 172, 7 (1991) 
12.  I. N. Remediakis and Efthimios Kaxiras, 
Band-structure calculations for semiconductors 
whithin generalized-density-functional theory, Phys. 
Rev. B 59, 5536 (1999) 
13.  L. Fritsche, Generalized Kon-Sham theory for 
electronic excitations in realistic systems,
Phys. Rev. B 33, 3976 (1986) 
14.  L. Fritsche and Y. M. Gu, Binding properties of 
3d transition metals in a generalized density-functional 
theory, Phys. Rev. B 48, 4259 (1993) 
15. A. Seidl, A. Gorling, P. vogl, and J. A. Majewski, 
and M. Levy, Generalized Kohn-Sham schemes and 
the band-gap problem, Phys. Rev. B 53, 3764 (1996) 
16. G. E. Engel, Linear Response and the 
Exchange-Correlation Hole within a 
Screened-Exchange Density Functional Theory, Phys. 
Rev. Letters 78, 3515 (1997) 
17. F. Gygi and A. Baldereschi, Self-consistent 
Hatree-Fock and screened-exchange calculations in 
solids: Application to silicon, Phys. Rev. B 34, 4405 
(1986) 
18. D. M. Bylander and Leonard Kleinman, Good 
semiconductor band gaps with a modified 
local-density approximation, Phys. Rev. B 41, 7868 
(1990)
19. H. Sawada, Y. Morikawa, K. Terakura, and N. 
Hamada, Jahn-Teller distortion and magnetic 
structures in LaMnO3,
Phys. Rev. B 56, 12154 (1997) 
20. A. B. Shick, A. I. Liechtenstein, and W. E. Pickett, 
Implementation of the LDA+U method using the 
full-potential linearized augmented plane-wave basis,
Phys. Rev. B 60, 10763 (1999)
21. S. R. Marder, C. B. Gorman, F. Meyers, J. W. 
Perry, G. Bourhill, J.-L. Bredas, and B. M. Pierce,




※        第一原理光學材料的性質計算與分析－    ※
※      硼酸族晶體非線性光學之特性及機制（II）  ※















中 華 民 國 2002 年  5 月  29 日
